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(57)Abstract 

PURPOSE: To obtain a serum-free culture medium manifesting no hazard of viral contamination 
even under conditions highly close to those in the case when using serum-contg. media, and 
intended for culturing cells of entirely common mammals without any proteinic material of animal 
origin. 

CONSTITUTION: This serum-free medium contains, other than ordinary contents, a recombinant 
insulin derived from prokaryotes and a water-soluble iron compound instead of animal insulin and 
transferrin. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The culture medium of blood serum non-#* for cultivating a mammals cell without the 
protein ingredient of the animal origin containing the recombination insulin and the water-soluble iron 
compound from a procaryote instead of [ other than the contents matter in ordinary use ] an animal 
insulin and transferrin. 

[Claim 2] The culture medium according to claim 1 which contains an insulin in the amount of 0.1 - 

20 mg/l, and contains a water-soluble iron compound by the concentration of 10-5 - 10-2 mol/l. 

[Claim 3] The culture medium according to claim 1 or 2 which contains ferric citrate, an iron sulfate, 

ferric chloride, and/or a potassium hexacyanoferrate as a water-soluble iron compound. 

[Claim 4] A culture medium given [ to claims 1-3 which contain a pH indicator additionally ] in any 1 

term. 

[Claim 5] The amino acid of the concentration of 3 - 700 mg/l melted by water, the vitamin of 0.001 
- 50 mg/l, The monosaccharide of 0.3 - 10 g/l f the inorganic acid of 0.1 - 10000 mg/l. The trace 
element of 0.001-0.1, the nucleoside of 0,1 - 50 mg/l, The fatty acid of 0.001 - 10 mg/l, the biotin of 
0.01 - 1 mg/l, The hydrocortisone of 0.1-20microg/l ( the insulin of 0.1 - 20 mg/l. The vitamin B12 of 
0.1 - 10 mg/l, the putrescine of 0.01 - 1 mg/l, the pyruvic-acid sodium of 10 - 500 mg/l, a water- 
soluble iron compound, and the culture medium given [to claims 1-4 ] in any 1 term it is unstated 
from a pH indicator and an antibiotic with a case. 

[Claim 6] A culture medium given [to claims 1-5 which contain polyvinyl alcohol and/or methyl 
cellulose additionally ] in any 1 term. 

[Claim 7] A culture medium given [ to claims 1-6 which are suitable for culture of a CHO cell ] in any 
1 term. 

[Claim 8] The culture medium according to claim 7 whose foreign gene which should be expressed is 
a gene to erythropoietin. 

[Claim 9] How to cultivate the mammals cell characterized by cultivating in a culture medium given 
[ to claims 1-8 ] in any 1 term. 

[Claim 10] The culture medium made to run short is used. Advantageously twice between culture 48 
hours and 96 hours after Respectively The recombination insulin 0.1 - 1 g/I, a glucose 40 - 200 g/l, 
and an aspartic acid, Asparagine xH20, a histidine, a methionine, a proline, each serine 0.4 - 3 g/l, 
The approach according to claim 9 by which cysteine xHCIxH 201 - 5 g/l, a glutamine 1 - 8 g/l, and 
a tryptophan 0,2 - 2 g/l are added, and the concentration to which a culture medium given [ to claims 
1-8 ] in any 1 term ***+s is attained by that cause. 

[Claim 1 1] The method according to claim 9 or 10 of cultivating the CHO cell which secretes 
erythropoietin. 

[Claim 12] The gene engineering-manufacture approach of the erythropoietin characterized by 
cultivating the CHO cell containing the gene to erythropoietin by the approach given [ to the inside of 
a culture medium given / to claims 1-8 / in any 1 term, or claims 9-1 1 ] in any 1 term, and isolating 
erythropoietin from this culture medium. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the gene engineering-manufacture approach of the 
erythropoietin which grows the CHO cell which ****ed and carried out the transformation to the 
approach and the last which cultivate a mammals cell, especially a CHO cell using the culture medium 
of blood serum non-** for cultivating a mammals cell without the protein ingredient of the animal 
origin, and this kind of culture medium in the culture medium by this invention. 
[0002] 

[Description of the Prior Art] a growth of the animal cell in the inside of a culture medium sake — as 
a culture-medium additive — general — a blood serum — fetal calf serum is a prerequisite mostly. In 
this case, the additive of the blood serum of a constant rate is mixed to the basal medium containing 
a fixed fundamental component, for example, mineral salt, amino acid, monosaccharide, a vitamin, etc., 
and this provides a cell with the most advantageous conditions for growth in a cell culture at it, 
[0003] In the culture medium of well-known blood serum non-**, to change a blood serum into the 
quality of a substitute is already tried. For example, from the Federal Republic of Germany patent 
application public presentation No. 3733453 specification, the culture medium of blood serum non-** 
for culture of syncytium and a myeloma cell is well-known, and this contains the water-soluble iron 
compound in a synthetic culture culture medium instead of other well-known additives, substitution 
matter **** to the transferrin by which this water-soluble iron compound is contained in the column 
of the detailed description of this specification in a blood serum — things are indicated. For culture 
of syncytium and a myeloma cell, the culture medium mentioned here by this patent application public 
presentation specification is usable. 

[0004] However, in the blood serum, other matter which can affect growth of a mammals cell 
contains. The insulin and albumin other than transferrin are mentioned especially here. Therefore, 
generally, when using the culture medium of blood serum non-** for culture of a mammals cell, it 
should completely warn to approach the conditions which added the blood serum as much as 
possible. However, the quality of a substitute is important because of manufacture of a remedy. In 
this case, it is because a pathogenic virus also reaches a cell culture medium and this appearance at 
an end product through it which the license government office is careful of in a cell culture product, 
especially concerning the protein as an animal or a culture-medium additive of the Homo sapiens 
origin, that is, this component 
[0005] 

[Problem(s) to be Solved by the Invention] Therefore, although the technical problem of this invention 
was remarkably close to the culture condition which used the culture medium which has a blood 
serum, it was offering the culture culture medium of blood serum non-** for the mammals of the 
completely general class which does not contain the protein of the animal origin as risk of virus 
contamination not shown. 
[0006] 

[Means for Solving the Problem] The aforementioned technical problem is solved instead of [ other 

than the usual contents ] an animal insulin and transferrin by the culture medium containing the 

recombination insulin and the water-soluble iron compound from a procaryote of blood serum non-** 

for culture of a mammals cell without the protein ingredient of the animal origin. 

[0007] By maintaining an insulin in the culture medium by this invention, a culture condition is clearly 

similar in the culture condition which used the blood serum from the case of the well-known culture 

culture medium of hlood serum non-**. In addition, the risk of virus contamination is avoided by using 

■the recombination insulin from a procaryote for the culture medium by this invention. 

[0008] the usual usual contents matter of a culture culture medium — this contractor — well-known 



v — for example, — Medien Dulbecco's modified Eagle Medium (Virology 8 (1959) 396) or — It is 
indicated by Medium F12 (Hams F12 Medium, Proc.Natl.AcadSci.USA 53 (1965) 228), Especially this 
is amino acid, a vitamin and other components, for example, a glucose, pyruvic-acid sodium, a specific 
fatty acid, and mineral salt 

[0009] In the advantageous embodiment of this invention, a culture medium contains the insulin of 
the amount of 0.1 - 20 mg/l, and the water-soluble iron compound of the concentration of 10-5 - 
10-2 mol/I. As a water-soluble iron compound, iron acetate (III), iron(III) sulfate, an iron(II[) chloride, 
and/or a potassium hexacyanoferrate (HI) are used especially. 

[0010] Because of the simplification in culture, it is usually advantageous to a culture medium to add 
a pH indicator additionally. This kind of compound is well-known to this contractor. For example, 
Phenol Red is mentioned here. 

[001 1] Especially the advantageous culture medium of blood serum non-** by this invention The 
amino acid of the concentration of 3 - 700 mg/l, The vitamin of 0.001 - 50 mg/l, the monosaccharide 
of 0.3-10 g/L The mineral salt of 0.1 - 10000 mg/l, the trace element of 0.001 - 0.1 mg/l, The 
nucleoside of 0.1 - 50 mg/l, the fatty acid of 0.001 - 10 mg/l, The biotin of 0.01 - 1 mg/l, the 
hydrocortisone of 0.1-20microg/l, The insulin of 0.1 - 20 mg/l, the vitamin B12 of 0.1 - 10 mg/l, the 
putrescine of 0.01 - 1 mg/l, A pH indicator and an antibiotic are contained by the pyruvic-acid 
sodium of 10 - 500 mg/l, the water-soluble iron compound, and the case, and the aforementioned 
compound melts and exists in water in that case. In this case, the concentration display is related 
with the only component, respectively, and is not related with total of the aforementioned compound. 
For example, by this invention, the mixture of a DMEM- and F12-culture medium can be used. It is 
considering as the basal medium and can be used, and it ****s, and it can rearrange and the culture 
medium of marketing of further others of a presentation which was described above can also be 
replaced with the special component of an insulin and a water-soluble iron compound. 
[0012] Within the limits of this invention, it is still more advantageous that a culture medium 
especially contains polyvinyl alcohol and/or methyl cellulose additionally. Use of polyvinyl alcohol is 
B.D.Bavister in The Journal of Experimental Zoology 217 (1981) and 45-51 to for example, the Europe 
patent No. 0248656 specification and this appearance. It reaches. Shintani et al.in 
Appl.Microbiol.Biotechnoi.27 (1988) and 533-537 It is indicated. Furthermore, addition of polyvinyl 
alcohol and/or methyl cellulose is advantageous for the culture medium by this invention. In this 
case, as for these compounds, it is advantageous to use it by the concentration of 0.1 - 20 g/l. 
[0013] Especially the culture medium by this invention is characterized by being suitable for culture 
of a CHO cell. On the occasion of culture of the CHO cell which contains and expresses a foreign 
gene, the good fitness of the culture medium by this invention was shown especially. The foreign gene 
which should be expressed in a CHO cell within the limits of this invention is a gene to erythropoietin 
advantageously. 

[0014] Therefore, another object of this invention is the approach of cultivating a mammals cell, 
especially a CHO cell in the culture medium by this invention. In this case, the culture culture 
medium by this invention made to lack the specific matter is used. Between culture, 48 hours and 96 
hours after advantageously twice, respectively Subsequently, the recombination insulin 0.1 - 1 g/l, 
Glucose 40 - 200 g/l and aspartic-acid, and asparagine xH20, A histidine, a methionine, a proline, 
each serine 0.4 - 3 g/I, each mixture which consists of cysteine xHCIxH 201 the 5 g/l glutamine 1 - 
8 g/l, and tryptophan 2 g/l — 2 capacity % was added and the approach this attained the 
concentration to which the culture medium by this invention ****s turned out to be advantageous 
especially. In advantageous approach actuation, growth could be held in comparatively high proportion 
over long space-time, and it was shown that cell mass higher than the case where this compound 
that used the culture culture medium immediately and that case [ a compound ] and ****s is 
consumed from the beginning is obtained. 

[0015] Furthermore, the approach by this invention is suitable for culture of a CHO cell, especially 
the CHO cell which secretes erythropoietin. 

[0016] Therefore, another object of this invention is among the culture medium according the CHO 
cell containing the gene to erythropoietin to this invention, or is the gene engineering-manufacture 
approach of the erythropoietin which cultivates by the approach by this invention and isolates 
erythropoietin from a culture culture medium. 
[0017] 

[Example] Next, this invention is explained in full detail per example using a drawing. 
[0018] The culture medium of the example in which the culture medium used in the example carried 
out the written following contains pyruvic-acid Na (10 - 500 mg/l) and a pH indicator in the amino . 
acid of the concentration of 3 - 700 mg/l, the vitamin of 0.001 - 50 mg/l, the monosaccharide of 0.3 



* - 10 g/l, the mineral salt of 0.1 - 10000 mg/l, the trace element of 0,001 - 0.1 mg/l, the nucleoside of 
0.1 - 50 mg/l, the fatty acid of 0.01 - 10 mg/l, and a pan. This culture medium was manufactured 
considering the culture medium DMEM which consists of the same capacity rate, and F12 (Dulbeccos 
Modified Eagles Medium and Nutrient Mixture Hams F -12) as the base, the following are contained 
as a special component — :biotin 0.2036 mg/l hydrocortisone 3.6 mug/I insulin (recombination) 5.0 
mg/l putrescine 0.1 mg/I vitamin B12 0.78 What is contained in addition to this in the culture medium 
of the example 1 of mg/l: Transferrin (Homo sapiens) 5 mg/l sodium selenite 5 mug/I polyvinyl alcohol 
1 What is contained in addition to this in the culture medium of the example 2 of g/l: Iron acetate 124 
mg/l polyvinyl alcohol What is contained in addition to this in the culture medium of the example 3 of 
1 g/l: Iron acetate 124 mg/l methyl cellulose 0.5 In three examples of ail g/l, the CHO cell incubated 
under the usual conditions (37 degrees C, C02596). 

[0019] When the culture medium containing example 1 transferrin 5mg/L, selenious-acid Na5microg/l, 
and polyvinyl alcohol 1 g/l was used, 1 0.8x1 05-/ml was attained as maximum to survival cell density 
as maximum to 8.1x1 05-/mI (after 189-hour culture time amount), and synthesis cell density (after 
197-hour culture time amount). 

[0020] When the culture medium containing example 2 124mg [/I. ] iron acetate and polyvinyl alcohol 
1 g/l was used, 25.7x1 05-/ml was attained as maximum to survival cell density as maximum to 
15.3x1 05-/mg (after 164™hour culture time amount), and synthesis ceil density (after the culture time 
amount of 164 hours after). 

[0021] When the culture medium containing example triacetic acid iron 124 mg/I and methyl cellulose 
0.5 g/l was used, 26.0x1 05-/ml was attained as maximum to survival cell density as maximum to 
1 4.4x1 05-/mg (after 185-hour culture time amount), and synthesis cell density (after the culture time 
amount of 193 hours after). 

[0022] The value acquired to the survival cell density or the comprehensive cell density of Examples 
1-3 was illustrated to drawingj^ and 2. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[D rawing 1] The graph which shows the survival cell density depending on the culture time amount at 
the time of using a different culture medium. 

[D rawing 2] The graph which shows the comprehensive cell density depending on culture time 
amount. 
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DRAWINGS 



[Drawing 1] 
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An improved, inexpensive procedure for the large-scale 
purification of recombinant human erythropoietin 

Tuition* Hu*\ Song Chenf, Mb! Xirf and Sh'ilatigqua* Zhang* 

ptonjl«V* D^aVvmoMftrf Co, 2?*2 Zto»*snpn £aa Ao* W^2«002, .Pc^fi'i RepubJte of China 



A rapid and slmp'fe chromatographic procadBr* ha» 
baen developed for the larij*«ealc puriRea^noftrtara- 
poidic-xruofe rHuEPO (recombinant human •rythro. 
polctln) from modUim^condltlonad cell culture*, which 
Iftdudaa lon-*xdvv\s<s hydri^hoblc-lritmctfDn and 
psJ.flttrttion chromatography A cocnbltaHpn iof thesa 
wft]l>conn«cttd steps reaiifa In highly purtfiad rHuEPO 
(>99^nt rftVtoibd by 5DS/PAG5 and HPLC znah/ae*, 
with a total yield of 38X. The apeetfh: activity a* 
purified rHuEPO WW 1*0104 LuJmg, ImmunoWottlitj; 
studies revealod that the protein p<M*i*t natWa EPO' 
Immunity. N-temrfn»l ewpandog of rHuBPO f hows 
that the first 15 amino acids' coincide with thasm of 
native EPO reported previetuh/. 



Introduction , 

Erythropoietin (EPO) k a ^orotaln prima/fy produced 
. by human l&fetty wfth an appanenx molacuUr ma** of 34- 
36 kDa and * carbobydrata cement of 40 which Ii pfobtal ■ 
id ki m mw blolotfci] activity [' A rHuEPO (recombinant 
human EPO>. nxprctted by CHQ (aiMJ^tmsier ovary) 
cafls/dbpliyt phyaicoclttmlttl propwttii vary dmlfcr to 
thofo of hitive EPO R]. She* rHuEPO wa f3rttproduoadm 
CHO oalh [33. (C has bean tha most juecewfijl reLcanbJnaTTt • 
therapoutlc protelnoh ttic mwte-Tha poteiiual marketfor , 
thinly CO protein \s Jnasniing, owlnjto fretpant discovaria* 
of novel appfcation* of EPO [4^] and also on account of tha 
introduction of l poltcy of patant axpinr catts. k charafarB 
nececory to develop -a Urgent prepares™ method far 
rHuEPQ that Combines high quakty whh kw owe 

•. AfttT the InldjJ a*tce*ful paWoclort of EPO-from 
urincJ of patient* With aplastic inaamU by the saveiwtep 
procaour«t davdopod Hlyaka at at [6J> aewe! tctienwft 
have alnca baan reported for rHuTO purification from . 
different, mammalian expression sysajms [FO-IZJ. A though 
nauWnfi In good apeeffle ectfrfty and yields, they ara only 
sufcabfe aw labors ry-*cale prBpazarion*. TTiey nnnat'be 
cuQy modified to rak btopharrittcairiclllnQWyJevri purl- 
flcation for a number of reason*. For fansanco, VVbJchowdd 
o.t al, [i I] pwffie^ rHuEPO usinya rabbfc'anti-pO papttde 



- antibody columm but thara were aevarai pro^laov, such ■ 
■ as the laalcagE of monodonal entibody, daanllneu and 
antary condtdotu piwalHng and procaK valldarifin.' Broiidy 
it aL [ICQ purfflad rHufcTO oslna RP .(ravursa-pha**) 
Chromarography and organic solmu, which, tend to cause 
danacurvdon of protfeto during tha pracau of piir/Bcadon. In 
the preaani itudy, we propose a new, Improvad prvpantive 
mothod for larjUcaJa purfflctrion of rHuEPO cTjftt CHO 
cells for diDapotrtic use U$lni hydrtJp^U^lnteTacriQn 
chromaiography comblnftd wtth OEAE lw^chin£i chro- 
natojpaphy and gaMhraaon chnmiatosraphy;' 

-Materials and methods . 

Trls, urae, glydna and ammonium sulphate wara purdaied 
from.Glbw BKL (GaWwburgi" MD, UiLA). All cthir 
Chamkal r««in& wera of tha hlgfjut purity commardally .■ 
rabbis. All dironauojriphic pnootdurai wara performed 
cm BloPflot fyrtem <Amereham Btocfcrvow. . Uppsala, 
Sweden] at l5-3fl°C All'tha buflbrl praparad uring water 
for Injectton wen flltared u*In$ I Olmn membrane 
fUUpore, Bedford, USA.) bafere uia. 

CHO cdb sta^'tranxficted wl^ human EPO cDNA 
were jtulwred using DMEM (Dulbecco'i ModTflcd BagU^ 
Medium; Clbco &RL) containing 5 ^^v/v) fetaMibvlna.strun> 
/Hyclori^ lupn, UT t In roller books TI3]. rHuEPO 
.waa preptred.uring DMEWPl 2 medium (Qbco BRL). Aftar 
cu^dwdon for 7 days* tha ajperrutftnt was harvaitad by 

th«celtdflhrta» . » t ' • ' 

Larsfr-tcale ptlHflotlon of rHuEPO 
Concemwtkw tmd deiaft^ Th» cantrtfutad mpamaam 
' ( I DO Jiuw) was conceWatcd and desahad' using a Palllcofi 
' syvam (M%ore) whh a ID.kDi-wtwff iriambrano, until 
the coftductMty of tha fl^rata Hquld wb almost aotal to 



cr>dnpoMh(iHue70). - 
Afcbrvfictbni im* CHO «t OJo»hamflaro^ettP«Bl 
Odeeoxi'i raodffled E^sWt of^dkm; EPd crythnpoieiH rH£PQ 
rKDmb^hunBAB^^ravcmphM. 2 

; 6 20M torthndftBi Lsf 
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•that of the desalting buffer (10 mrt TriiMO. ptf 7-0). The* 
final whjrrm was ipprwc. S -litres, 

DEXE icn-exdwiige dmrtawgrapty Tbe coacararrod di»- 
ftkansd liquid was. collected, centrlAjgad »'6Q0pff for 
5 mfci (4*C) to remove the prcdpfca*ed protein and loaded 
an oo ft DFA&Septerusa pF XK50 column (5 cm x 15 snx 
Anwasham Biosciences), which was equilibrated with buffir 
'A (fO mM TVls/HO. pH 7j0). After loading, the column 
wu Initially wuh&d with 3 column vol. of buffer B (f mM 
tfyclna/SM unaa, pH4^S). followed by wuhk^whh 
S cdlumn'vtiL rfbuffir C {10 mM Trii/HCI buffer (pH 7,0), 
DMnsIning 25 mM NaCIJ. SO protons weft etoed wfci) 
Wfer-D [10 mM THs/HCI buffer. (pH 7J0), containing 
100 mM NaCQ at i flow rati of 25 ml/mln. The cJution 
profila wu monitored by UV ibsarbafl.ee ax MDnm. Th« 
required fraction (0.-4? Drr*) was colfecud md arafysed for 
protein mnzanmtlon by tba Lowry method [r4J» for £PO 
activity by aJSAend for molecular mass by SDS/PAGE. 

>^dri^Wstrttoictlon cfowwtogtfpfr/ The collected frac- 
doti (O^f ««rated with WM ammonium sulphate 
solution, wu vppltwf on to a butyl-5epb*ro»e FF XK26 
column (2.6 cm X 25 cm; Amcnham Biosciences) nquflV 
braced wtth (»2 M wnmonlum sulphate solution (pH 63), 
After bading, thi coJurnn wis wished with 2 column voL 
of 1.2 M amrnoftluin sulphate sofcdon (pH 63) at a flow 
rate of 12 mi/rafn. The EPO prmrfn peak wu then aimed 
with buffer A and analysed for Efp sctMt/ by EUSA. for 
mdftfiilftr mass by SDS/PAG £ and for protein ccncemridon 
by the Lowry rnethod [14]. 

CWfKtrottan dimma&^^ Th« 6""^ collected after 
the btayKSopharwe ctiromatpjrapJy was applied on to a 
Seprucry! 5-70QKR XK50 column pemx 100 am Amer- 
sham Bktttfances) wfufllhrated with citrate buffer QZD mM 

'. sodium derate/ 100 mM aodiurn chloride, pH 7,0^ a* a flow 
rate of 10 ml/meVThe BO protein peak was timed with 
th« same buffer. The EPO frictions" were collected gntf 
flhrataa' tamj i 0.2 Mm-port-stee Cipvacam 60 filter (Pat! 

. Corporation.- Arm Arfaor, Ml, USLAJ. The final solution 
was stored at 2-€°C. The purified samp!* was. subjected 

.to ciliary zone el&f±n>plKire£fe» Nominal sequence 

" analysis, SDS/rAGE, HPLC, Wutvn-Wot analysis* «K 

p^mthoddn of pniefti concentration The protein concen- 
tration wu determined by the Lowry method [14], using 
BSAaitha standard. 

N^armirtd o/niw odd ondtysfr PuriBed EPO wae tu^acoid 
co NHamvnal anntno acid ftequwiclftf ustrj xho £dman 
ds^radailpn method at tba Dapmmant of Blotechnotoar, 
Beljln* UnVrersiiy (Batjtr^, PaoplaV Rapublk of CHna). 



Asiay of b)Qh&oi crtfvUy The In vtfro specific aciMcy 6f 
rHuEPQ wai measured by EUSA (comnwcbliy avaBable 
ai Qumtikin* iVDjAADSyjcams, MinnaapflBi. MM, U.S.AJ. 
Thfl ai vfco apadfic activitjrwaj irwaiurad by the rertaibcyre 
meflwd described pmviouify [15], . 

Amy of nwtemWmiasowfptrrny Vfe assessed the purity 
and moTecuUr raus of the purified sample by SDSffftGE 
by the method of LaammB [16], using \1S% (w/^ poly- 
asrybnitda s*^ In th< presence of 0J % SOS under both 
Mdudrf andnorwedudng condldont. Electrophoresii'was 
ptrformad' tistnf 'niarmacla LKB M^tldphor 11 Elertro- 
phomto' Syatera. Low-nuiecular-mass protein standards 
were obtained from Amersham Bloschncv (phofphorytase 
t t 94 kba; B5A, 67 kDa; ovaJbumln, 41 kDi; carbonic .anhy- 
drasa, 30 kDa; uyyiin inhibitor 20.1 kOai a-lacalbumln, 
14 kDa). After elccirophoresli. tha get wai xllyer-ccUned 
for protdn. Purtc/ of the purtfiad rfiuEPO wai otcasurcd 
by denittometrtc scanning of dhw-5 &ln*d SDS/PAGE stab • 
vting FR-200 Elaarophonub Inu^i.Analyils Syram and 
Smart Vtew 2001 Analysis, pnogram (Shanghai Furt'BToasch, 
Shanghai. Peoplft't Hepubfic of Ghlfta). 

Purrfted samples wire aJao araj^ad on the HPLC 
iysum (Afllant llOO's&rles] and {oaood on to an 
HftC TSK-GEL G10B)SVYXL column (5>rm, 7^mmX 
300 mm) equlltbmed whh a buftar pneparad using. I S mM 
dlhydrafwi phosphate, 8.1 mM dl^djum hy- 
drogen phoipbsae and' 0,4 M sodium chiorlda {pH7.4}. 
The Sow rate was OS rroTmln, the aluattt wis' monhbrcd' 
by spsctrophqtoiTiatry st 214 nm, and fiuorcscenct Was 
detected using an excitation wavelength of 280 nm fltnd an 
amsalon wavelength of 340 nm. , 

VWatc/ivbfat anafyA Wc pca-formfiif Westenvblot amlysh 
bythe'(nethodefBalwlt[l l}.Monodonal m«ts« antfchuman 
EPO QgpM) was obtAlnad from R&D Systems. The second 
vrdbody was horsa^dish-ptrcoddue<Ofl)upTod goat ami- 
mouse IgG obtained from China Jlngmel BioTech . Co. 
{Shenzhen. PeopfeV RapubDc of China) 

Cffpabry ' zoos ' efertn^>heretir @ectrophDrea!s was per- 
formed usfngi Backmai) P/ACE MDQ C£ 5000 Instrument 
'-and detected speorophotomsulcally at 214 nm by the 
"* method deaerlbtdjn [I &a]« 

Results and cjlscusslon 

EPO ts a hydrophobic icfafic glycopnotate-The carbohydrate 
content p> approx 40X [2].' The dep^t and. type of 
^ycosyladon of TO U the loay factor for si vto biological 
, acttvfcy [IB]. If rHuEPO U panial(y t oagfymsyfated during 
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separation, tc Is more"suficeptIb[B to bind the galicwsiue 
receptor on hep«fc cefc. Thus the halWffe of EPO In tha 
blood clrculation-of tfit human body Is very much shnrtati«4 
w|*h Induces b signfficane or eompfcee oedrewe In to vim 
HcncdvUy [1 71- "rh*jntfera It Is Important » pro race the 
Integrity of thesugar chain of rHuEPddurinfithopurlfiOTari 
process. 

fiised on the fcet that the pi value of EPO- U in the 
nnge IMiS [20], W« selected DEAB-StphaiW FF ici>- 
«xch*n£fc chromatography and jused buffiir B for waihinz 
the column to remove tiwk Impurities (Figure I). A fi M 
co rtf emotion of ura may Inhibit the activation of «W 
proteases under the condition of low pH £1] and prevent 
degradation -of the *ugar chain of rHuEPO durlr* the 
purfflcidon protest Cyirnrt ions are easily formed during . 
l D ng<erm smrage of urw loUstan. They, might cause 
carbamoyWon of frsma residue* In. th» EPO, protein. 
' mating In partial low of Hoacttfty of rHuEPO [22]; henca, . 
using a fr^K urea solution may prevent the risk of protein 
modlfiotiorL Glycine (I mM}wasedA^iothiurw«olUtJon 
to neutralize the feyanate Ions. sfrice cyanate ions react mom 
qulddy wtth fc-lydna reslduw than wtth lysine residue* [231.. 
The EPO ehtnt fraction was subjected tu hjrdmp.hoNc- 
jntaraerion chromttQgraphy on the butyt-Sepharose FF 
column to remove relatively WdK hydrophobic proteins 
and nucleic adds $tosn.2\. Rflallyi ctarratography on a 
■ Scphacr/ £:2MHR inolecular^we column was performed 
'to remove the &PO polymer (Figure 3). 

Several attempts to purify natural fcTO end rHuEPO 
hwe been reported previously [6-12], Host of -these 
snides ¥ivolve<l RP chromatography and affinity chromaw- 
snphy. Id general, ftP-HPLCusw organic sotan* cawing 
the denaturatton of the proraln. In the present study, we 
propose a bdfe roo» far the purification of rHuSO 
that does not employ RP-HPLC and therefore avoid* the 
uu of organic solvents. Despite the fret that affintty- 
diromawsrxphy methods hzve the purification power to 
. diciwi the number of rap* and Lncreua *e ylakl, they 
have tame jhorteortiin£, particularly whh regird to regula- 
wfy Issues such at proeesi vaBdatkm. From in Industrial 
point of View. tM JnvnunoaffWty Media, hi general carmoi 
resist strong cmdWom such as daanlng wd sanitation 
'procedures particularly when using sodium hydroxide of 
hfcll cOTcentratioft. Owing' to the leakage of monoclonal- 
antibody during the purification, tt U difficult to valtdabj-the 
downwrtam purification preeest 

SD5/RAGE of the eluatws from each chroma- 
• tography column showed Increasing purity of the purified 
rHuffO, Both retJudng and nori-r*dudng SDS/PAGE of. 
the purHted rHuffO showed a single protein *on» WJth 
aVi appBTent iholeaihr maw of kDa. Danslrometrlc 
scanning of thi jttve«ainBd gel demonstrated that th* 
purity of final puriBfid rHuEPO was >99XJF(jura 4). 
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U« t. OCAfrScpharow FF ctortc fcne Z buy -Seplwroe FF filiate: In* 3. 
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W«^Cfim*blcft anafy* 6 * showed thar purified rHuEPO has 
nadw immuragenklty (Figure 6).'Aftar HPLC TSK-GEL 
G3Q00SWXL »Eu:nn analysis, only one poak with > 59 X 
purity vas detected (figure 5}. Owing to exteruivt gr/to- 
. sylatton, EPO Is a hi^ty heterogeneous prosefn, La. a com- 
plex .mixture of differvm, but closely r«Iawd. gtycofonrts 
[2433. Capillary dcctrophorGsls reAjfcs revealed ihafth* 
of each isoform of rtfoBPO CDmptlei with 



Figure < WiamT^tQ»naVsbofrMti£PO ' • 

l Ana /, reduced punriad tHiEPO unifitct tanr 2, rHjrwwfcired pieiaeri 
iMuSPO (ample. 



the cntcrn of European Pharmacopoeia (Figure 7). 
Moreover, the first t 5 a/nlna adds of the recombinant pro- 
setn coincide with those of rutive EPO reported previously. 
The overaJt recovery of rrUEPO activity was 36 X. and the - 
jpecifk activity wu 160 l(H Wmg (Table I). 

Furthermore, to "verify whether purified rHuEPO 
mw>t$ the requirement* for therapeutic me, according to ■ 
European Pharmsccpoula, we meai urad the endotoxin and 
DNA content In the purified rHuEPO and they were 2 l.u. 
and tOO p£ respectively In a volume containing 1 0000 i.u. of 
&KX Both results mcr the criteria, in conclusion, we hsva 
developed a simple,, inexpensive, high-yield method suftabie 
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Figure 5 GcJ flhnvlon <rf purfW* rHuEfO unan HPLCT5K-GE. column 



(A) HPIC cbAor prefte of pt^ctt rHuFPO [detected hf i^flrop^wtomtlrr oc 211'nmJ. (0) < tPLC dutbn pnfla of purified rHu€PO (fhwretfertc c 
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for br^e-scale purfflatfon ind k was hot sutc«ptibii to 
contamination durfctf the purification proems, . 
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